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@ lnterleuldn-2 receptor and DMA encoded therefor and their preparation, 

lnterieulcin-2 receptor derived from normal end malig- thetic oligonucleotide probe conresix>nding to a portion of 
nant cells has been purified by use of various techniques - the amino acid sequence of the purified IL-2 receptor. The 



including affinity chromatography in conjunction with a mon- 
oclonal antibody directed to the receptor. The purification 
process also includes reversed phased high performance liq- 
uid chromatography. By these techniques, interieukin-2 re- 
ceptor has been purified to homogeneity. The high 
purification of the tnterieukin-2 receptor has made possible 
the sequencing of the amino add residues at the N-termlnat 
of this protein molecule. Doubl&«tranded cDNA is prepared 
from polyadenylated RIMA extracted from cell lines or other 
. sources known to produce IL-2 receptor. The cDNA is Inserted 
within a plasmld vector and then the recombinant plesmid 
employed to transform an appropriate host Transformed 
hosts ere identified and grouped into pools. Plasmid DNA 
prepared from these pools is hybridized with a labeled syn- 



cDNA clone isolated with the probe is characterized by re- 
striction enzyme mapping and sequenced by chain-temii- 
nation method. The particular DfslA done that actually 
contains the gene coding for the functional lL-2 receptor Is 
identified by expressing the dones In COS-7 monkey kidney 
cells and assaying for the expressed IL-2 receptor by its ability 
to bind lL-2 or a monoclonal antibody directed against the 
IL-2 receptor. 
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INTERLEaKIM-2 RECEPTOR fiND DMA ENCODED THEREFOR AND 
THEIR PREPARATION 



The present invention relates to interleukin-2 receptor (hereinafter 
«IL-2 receptor"), and more particularly to: purified interleukin-2 receptor 
derived from normal and malignant cells; a process for producing same; the 
doning of IL-2 receptor gene by use of a synthetic oligonucleotide probe derived 
from the amino acid sequence of the purified IL-2 receptor to screen a 
complementary deoxyribonucleic acid' ("cDNA") library synthesized from IL-2 
receptor messenger ribonucleic acid ("mRNA"); and, the characterization of the 
screened IL-2 receptor gene. 

A large number of normal immune responses require the 
participation of T-cells. The proliferation of T-cells to sufficient numbers to 
assume an effective role in immune responses is controlled; by the presence of 
interleukin-2 (hereinafter "IL-2"), Gillis and Smith, 28 Nature 154 (1977). 
Although the mechanism by which IL-2 controls the grovrth of T-cells is not fully 
understood, it is known that IL-2 acts on T-cells via a specific, hig^^-affinity, 
plasma membrane receptor, i.e., IL-2 receptor. Also, in order to continue to 
divide, lL-2 dependent T-cells must express the IL-2 receptor and the IL-2 must 
bind to a portion of the IL-2 receptor, Robb et al., 154 J. Exp. Med. 1455 (1981). 
A more complete knowledge of the biochemistry of the IL-2 receptor would 
foster a better understanding of the interaction between IL-2 and T-eells. To 
date, this has been hampered, at least in part, by the unavailabUity of sufficient 
amounts of IL-2 receptor in purified form. 

Leonard et aL, 300 Nature (London) 267 (November 1982), reported 
employing a murine monoclonal antibody, designated as anti-Tac, to significantly 
block the binding f radiolabelled IL-2 t the human lympJioma T-ceU line, 
HUT-102. This antibody resulted from the immunizati n of mice with long term 
cultures of human T-cells. Th anti-f ac antibody was reported as binding both 
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to a glyco-protein having a molecular w ight of about 47,000-53,000 dallons and 
also to proteins having in lecular weights of about 113,000 and 180,000 dalt ns, 
Leonard et aU hypothe^zed, but <lid not establish, that the ceU surface 
determinant (i.e., the 47,000-53,000 molecular weight protein) to which the 
anti-Tac antibody bounded to was the IL-2 receptor, 

Robb and Green, 158 J. Exp- Med, 1332 (1983), reported employing 
the anti-Tac antibody in conjunction with raitogen-acUvated normal lymphocytes 
to immunoprecipitate a protein having a molecular weight of about 52,000- 
57,000 daltons. They found that this same protein also bound to IL-2. These 
researchers opined that this reactive molecule contained the binding site for 
IL-2 for normal lymphocytes. 

Leonard et al., Proe. Naa Acad. Sci, (USA) 6957 (1983) observed 
that receptors recognized by anti-Tac antibody on HUT-102 ceUs and on 
phytohemaggelutinin - activated normal T-cells appear to be larger on reducing 
gels than on nonreducing gels, thiB suggesting the presence of intrachain disulfide 
bonds. Also, the HOT-102 ceU receptor was reported to exhibit an isoelectric 
point of from 5.5 to M." — ^om post=traiBtHtional studies, Leonard etaL 
suggested that the HUT-102 receptor is composed of a peptide backbone of 
33,000 daltons that is iniUaUy ^ycosylated by an N-linked mechamsm to acWcve 
a 35.000-37,000 daltoiB doublet and then glycosylated by an 0-linked mechanism 
to increase the wdght of the moleciile'by about 13,000-15,000 da tons. Although 
the researchera stated that their studies "su^csted" that the HUT-102 cell 
receptor reeogidzed by the anti-Tac antibody is the human receptor for IL-2, 
they admitted that acUnl twroof would require purifying the receptor, which prior 
to the making of the present invention had not been accomplished. 

Reeoml^nant DNA techniques have been developed for 
economically ^odifcing a desired protein once the gene coding for protein has 
been isolated and identified. A discussion of such recombinant DNA techniques 
for proton pjiduction is set forth in the editorial and supporting papers in 
VoL 196 of Sfeienee fAprH, 1977). However, to take advantage of the 
recombinant DHA techniques discussed in these references, the gene coding for 
the IL-2 receptor must first be isolated. 

The present Invention relates to the production of IL-2 receptor 
derived from malignant and nocmal T-cells, to the purification of the IL-2 
rec^tor to homogeneity and to the determination f the amino acid sequence of 
the amino terminal porti n of the lL-2 receptor molecule. The IL-2 receptor of 
the present invenUon is purified by a combination of affinity chromatogra^y 
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and reversed phased high performance liquid chromat graphy. The affinity 
chromatography procedure employs a highly specific mon d nal antibody that 
recognizes an epit pe on the receptor molecule. 

Once purified to homogeneity, the amino acid sequence of the 
amino terminal portion of the receptor molecule can be ascertained by use of a 
protein sequencer- This information is used to construct a hybridization probe to 
isolate the IL-2 receptor from a cDNA library constructed from mRNA 
receptors isolated from cells known to express IL-2. To this end, total RNA is 
extracted from cell lines or other sources known to produce relatively high levels 
of IL-2 receptor molecules. Polyadenylated mRNA is isolated from the total 
RNA extract. A cDNA library is constructed by reverse transcription of the 
polyadenylated mRNA with reverse transcriptase. The DNA is rendered double- 
stranded with DNA polymerase I and inserted into a cloning vector, and the 
recombinant vector is used to transform a host. 

Transformed hosts are identified and grouped into pools, Plasmid 
DNA prepared from these pools is hybridized with a labeled synthetic 
oligonucleotide probe corresponding to a portion of the amino acid sequence of 
the IL-2 receptor. The pool(s) of "denes that give a positive signal to the probe 
are identified, replated as single colonies, and hybridized with the synthetic 
oligonucleotide probe to identify the particular host colony containing the IL-2 
receptor gene. Plasmid DNA is prepared from this host colony and characterized 
by restriction enzyme mapping. The IL-2 receptor gene is sequenced to establish 
its entire nucleotide and amino acid composition. In addition, the IL-2 receptor 
gene is cloned in a mammalian cell system to express mature IL-2 receptor and 
then a binding assay is conducted to confirm that the expressed protein product 
is the IL-2 receptor. 

The details of typical embodiments of the present invention will be 
described in connection with the accompanying drawings, in which: 

FIGURE 1 illustrates partial restriction maps of the IL-2 Rec N4 
("N4") and IL-2 Rec Nl ("Nl") clones in side-by-side comparative relationship to 
each other; 

FIGURE 2 illustrates the nucleotide sequence and the 
corresponding amino acid sequence of the IL-2 receptor gene as contained in the 
N4 nucleotide fragment, with the nucleotides being numbered from the position 
of the initiator methionine codon and the amino acids being numbered from the 
matur NHg-terminus of the protein, i.e., the Glu residue, as marked with a star; 



•4- 

- 0162699 

FIGURE 3A niuslrates the strategy emtaoyed to d ne the coding 
regioTfi of the N4 and Nl frapn nts in plasmid v ctors used t transf t 
maroinalian cells t determine whether one or both cDNA clones would encode a 
functionallL-2 receptor; and 

FIGURES SB and C illustrate the ability of the transfected 
mammalian ceDs to bind to IL-2 and to a monoclonal antI-IL-2 receptor 
antibody. 

Preparation of IL-2 Receptor Extracts From Malignant and Normal CeJls 

Malignant cells are cultured in vitro in a suitable culture medium 
supplemented with serum and varioiB additives. After an optimum culture 
period, the cells are harvested and IL-2 receptor containing extracts formed 
from the ceDs, The malignant cell lines which may be employed as a source of 
jL-2 receptors include T-lymphoma or T-leukemia cell lines. These cell lines 
are produced by either a spontaneous occurrence, via viral transform atim or via 
transformation by chemical carcinogen or-ictadiation. The present invention has 
been carried out in conjunction with a naturaUy occurring lymphoma cell line, 
designated as HUT-102. The cell line is available from a wide variety of sources 
and has been used extensively by researchers. See, for instance, Leonard et al., 
80 Proc. HatL Acad. Sci (USA) , 6959 (1983) and Leonard et aL, 300 Nature 
gondon) . 267 (November 1982). 

The present invention also includes producir^ IL-2 receptor 
molecules from normal cells- For instance, human peripheral blood mononuclear 
cells are separated from human blood by FicoU-Hypeque centrifugation, such as 
described by Boyuro, 18 Scand, J. Clin. Lab. Invest. Suppl. 77 (1966). Adherent 
cells are removed by plastic adherence and then nonadherent cells are cultured 
in vitro in serum oontaiiUng medium in the presence of an activating agent, such 
as a T-cen mitogen. After a suitable period of time, the ceUs are harvested by 
centrifi^tion. Examples of T-ceU mit<^ens that may be used as activating 
agents. Include phytohemagglutinin C^HA"), concanavalin A ("Con A") or 
pokeweed mitogen (T>KM"). 

The numbers of IL-2 receptors expressed by stimulation of the 
peripheral Wood leukocytes unth a plant mitogen varies with time. Optimum 
levels of IL-2 receptor expres^on are reached at approximately 72 hours after 
mitogen stimulation. 

The culture medium used to expand the IL-2 rec ptor bearing 
malignant and normal cells may consist of commercially availabl me<fium, such 
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as Roswell Park Memorial Institute ("RPMI") medium. Dulbecco^s Modifi d Eagle 
Medium ("DMEM") and Click's Medium, Additives, which may be Individually ot 
in combination added to the culture medium, include serum, such as fetal calf 
serum ("PCS") or normal human serum. Additional additives include glutamine 
and various antibiotics, such as penicillin and streptomycin. 

The process of culturing the malignant and normal cells to induce 
receptor formation may be carried out in various environmental conditions. 
Preferably, however, the cultures are maintained in the temperature range of 
approximately 35-38'C in a humidified atmosphere of approximately 5-1096 CO^ 
in air. Also, the pH of the culture should be kept in slightly alkaline condition, in 
the range of approximately pH 7.0-7.4, 

IL-2 receptor containing extracts are prepared from the cultivated 
normal and malignant cells by harvesting the cells by centrifugatlon. The cells 
are then washed with a buffered saline solution and resuspended in the buffered 
saline solution together with a detergent and phenylmethylsulfonylfluoride 
("PMSF"). After a period of time the detergent extract is centrifuged to remove 

nuclei and insoluble debris and then is stored frozen until used. - 

Preparation of Monoclonal Antibody Againfft lL-2 Receptor 

The present invention also concerns the production of a monoclonal 
antibody having a high affinity to an epitope on the IL-2 receptor molecule. The 
antibody is used as a bound ligand in the affinity chromatography procedures 
during purification of the IL-2 receptor- The antibody is also employed in a 
radioimmune precipitation assay and in soluble receptor assays to monitor the 
IL-2 receptor protein during purification steps, as more fully discussed l>elow. 

A preferred procedure for generating the monoclonal antibody 
against the IL-2 receptor is generally disclosed in VS. Patent 4,411,993, 
incorporated herein by reference. In the procedure, BALB/c mice are injected 
vrith PHA activated human peripheral blood leukocytes ("PHA/PBL") several 
times at weekly intervals. Prior to the first injection, the PHA/PBL is 
emulsified in complete Freund's adjuvant and prior to the remainder of the 
injections the PHA/PBL is emulsified in incomplete Freund's adjuvant. 

During the course of immunization, serum samples from the mice 
are tested by an enzyme linked immunoabsorbant assay CELBA"), as is well 
known in the art, for the presence of antibody reaction with the Immunization 
cells. Once an antibody titer is detected, the animals are given an intravenous 
iiyection of PHA/PBL suspended in saline. Several days later the animals are 
sacrificed and their spleens harvested. Singl ell suspensions from the 
spl nocytes are cultur d in tissue rfultur medium supplemented with various 
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additives to expend the number of antibody producing cells. The antibody 
producing cells are isolated from th culture and purified by standard techniques 
for subsequent fusion with myel ma cells t produce hybrid cells that express 
anti-^-2 receptor antibody. The fusion process is detailed in U^. 
Patent 4,411,933 and In Nowinski et aL, 93 Virology 111 (1979), incorporated 
herein by reference* 

After fusion, the hybrid c^ are resuspended in a tissue culture 
medium supplemented with various additives and selected suppressing agents to 
preclude the growth of unfused myeloma cells, double myeloma cells, unfused 
spleen cells and double spleen cell hybrids, thereby allowing the anti-IL-2 
receptor antibody producing cells to grow. Such growth inhibitors or 
suppressants may include hypoxanthine, aminopterin and thymidine (hereinafter 
collectively referred to as "HAT^. 

After several days of culture, the hybridoma cells, which are 
generated, are screened by ELISA assay for anti-IL-2 receptor antibody 
responses. These hybrid cells are tested for production of antibody capable of 
inhibiting both mitogen and antigen induced proliferation of human peripheral 
blood leukocytes. The hybrid cells which give positive ELISA results are 
gradually weaned to HAT-free medium and then cultured in vitro in large 
volumes for bulk production of antibody. Alternatively, the cells may be 
expanded in vivo by injecting the hybridoma cells in the peritoneal cavities of 
mice end tliereafter collecting the intraperitoneal ascites which contain liigh 
concentrations of the antibody. The antibo<Ses contained in the ascites fluid can 
be isolated and concentrated by established techniques, suc'h as by ammonium 
sulfate precipitation followed by gel cdnmn Chromatography. If required, the 
antibody can be further purified by ion exchange chromatography and/or affinity 
chromatography. By the above process, a particular hybridoma, designated as 
2A3, was found to produce antibod|y that significantly inhibited both mitogen and 
antigen induced prollf nation of human peripheral blood leukocytes. 

The present invention also includes identifying potent cell line 
sources of anti-IL-2 receptor antibody by cloning cell lines known to produce 
this antibody, for instance, the 2A3 cell line. The cloning is accomplished by the 
limiting dilution {H'ocedure, as is well known in the art and as is detailed m U.S. 
Patent No. 4,411,993. By this procedure, one particular subclone, designated as 
2A3-A1H was found to produce antibody that substantially entirely inhibited 
both mitogen and antigen induced prolif eraticKi of human peripheral, blood 
leukocytes. The 2A3-A1H antibody has been diaracteriz d as of the 
isotype with an unusually high affinity to the human IL-2 receptor. 
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A control antibody preferably is employed to confirm the processes 
of the present invent! n utilizing anti-IIi-2 recept r antibody and as a reagent in 
th purificati n of the recept r. The contr 1 antibody should be of the same 
isotype as the anti-IL-2 receptor antibody* Applicants have identified the 
antibody secreted by the mouse myeloma cell line MOPC-21 as a suitable control 
antibody for the 2A3-A1H antibody. The MOPC-21 ceU line is widely available 
from numerous private and commercial sources. 
Soluble IL-2 Receptor Assays 

Assays employing the 2A3-A1H monoclonal antibody are used in 
conjunction with the present invention to monitor the quantitative amount of 
IL-2 receptor present in the initial cell lysates and during purification 
procedures. These assays hinge on the discovery by applicants that the 2A3-A1H 
antibody has an extremely high affinity for the IL-2 receptor, the affinity 
constant being in excess of 5 x 10^ and that the 2A3-A1H antibody can be 
radloiodinated to high specific activity and still retain its capacity to bind to the 
IL-2 receptor. 

One such perf erred assay involves ascertaining the extent to which 

samples of cell lysate or column chromatography fractions containing TL-2 

receptors are capable of inhibiting the binding of radiolabelled IL-2 antibody to 

glutaraldehyde fixed, intact receptor bearing cells. This assay relies on the 

observation by applicants that IL-2 receptor is stable to glutaraldehyde fixation, 

i.e., the receptor cannot be extracted from such cells with nonionic detergents, 

such as Triton X-100, and the presence of detergent does not affect the binding 

of radiolabelled 2A3-A1H antibody to the fixed cells. Preincubation of a 

subsaturating dose of iodinated 2A3-A1H antibody with detergent solutions 

containing the IL-2 receptor inhibits the subsequent binding of the 2A3-A1H 

antibody to the glutaraldehyde fixed cells. This assay will hereinafter be 

referred to as the "soluble inhibition assay." 

Por use in the soluble inhibition assay, the 2A3-A1H antibody is 
125 

radiolabeled with iodine 125 by a chloramine-T method, as is well known 

in the art and as described by Segal and Hurwitz, 118 J. Immunol. 1338 (1977). 

The standard labeling conditions employed are: 50 micrograms ("ug") 2A3-A1H 

IgGj 4 nanomoles {"nM") of chloramine-T (Sigma Chemical Company, St. Louis, 

125 

Missouri); and, 2.5 microcurins ("roCi") of I sodium iodide (New England 
Nuclear, Boston, MA), in a final volume f 60 microliters ("ul"). This protocol 

125 

has resulted in preparations of I-2A3-A1H, which routinely have specific 
activities in the range of 2 to 5 x 10^^ counts per minute/raillimole 
("cpm/mMol") (1.3 - 3.3 x 10^ cpm/ug). *Also, 2A3-A1H antibodies labeled in this 
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way were found to be more than 95 percent bindabl to IL-2 receptor bearing 

9-1 

cells and had apparent affinity constants In excess of 5 x 10 M 

In the soluU irthibiti n assay, 50 ul of ^^V2A3-A1H [(2 x lO'^^M 
in RPMl - 1640 medium containing 2% bovine serum albumin ("BSA"), 20 mM 
HEPES buffer (pH 2.7) and 0.2% sodium azide ("NaNg") (collectively "binding 
medium"}] is mixed with 50 ul of cell lysate or column fraction diluted in 
phcjsphate buffered saline fTBS") containing 1% (w/v) Triton X-IOD detergent 
GSigma Chemical Company, St Louis, MO). This mixture is incubated for one 
hour at room temperature in round bottom 96 well plates (Linbro, Hamdcn, CT). 
At the end of the incid>ation period, 10^ glutaraldehyde fixed, PHA activated 
human T-cells in 50 ul of binding medium are added to detect uncomplexed 
^^h-2A3-AlH. Xncid>ation is continued for one hour at room temperature. 
Duplieate 60 ul aliquots of the mixture are then transferred to precooled 400 ul 
polyethylene centrifuge tubes containing 200 ul of a phthalate oil mixture and 
the cell bound antibody is separated from unbound antibody by centrifugation. 
The details of the well-known phthalate oil separation method are set forth in 
Segal and Hurwitz, supra. The percent of specific inhibition caused by the lysate 
or column fraction is calculated by uang 50 ul of PBS-2% Triton X-WO instead 
of a test sample for the positive control. Also, 15 ul of PBS-2% Triton X-100 
containing 10~® M unlabeled 2A3-A1H is used as a negative control. 

The nitroeellulQse dot assay (^6ot assay") is used as a second 
soluble receptor assay to ^xantify the amount of IL-2 receptor molecules 
present in a sample of cell lysate or c6lumn fraction. Briefly, in the dot assay, 
solutions are made of a logj <filution series of potentiel IL-2 receptor containing 
samples and PBS containing 1% Triton X-100. Samples of 5 ul of these solutions 
are then applied to a piece of nitrocellulose (Schleicher and Schuell, Keene, 
N.H.). The nitrocellulose is then blocked by overnight incubation in 10 ml of 0.5 
M TRIS, (pH 7.5), 0.15 M Naa, 3% BSA (hereinafta TBS-3% BSA). After the 
blo6king step, the nitrocellulose is incubated for one hour at room temperature 
in 10 ml of TBS-3% BSA containing 0.05 ug/nil - 2A3-A1H and 0.6 xsg/val 
unlabeled MOPC-21. The nitrocellulose is then washed three times in TMS 
buffered saline and twice in THIS buffered saline containing 1% (w/v) 
NonidetP-40 detergent (GeUard ScWesinger Chemical Manufacturing Corp., 
Carle Place N.Y.), 1% (w/v) sodium deoxycholate, and 0.1% (w/v) sodium lauryl 
sulfate. Each of these washes lasts 30 minutes at room temperature. After the 
final wash, the nitrocellulose sheet is blotted dry, covered with a dear plastic 
sheet and then exposed at -70% t Kodak X-omat AR^ film. 
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Radioimmune Precipitation Assay 

The sp cificity of the IL-2 receptor antibody is ascertained with* 
radioimmune pr cipitation assay involving forming precipitations betw en 
samples of radiolabeled IL-2 receptor molecules and an antibody to the receptor 
and then employing polyacrylamide gel electrophoresis and either fluorography 
or autoradiography to visualize the receptor proteins that were precipitated- In 
this assay technique, the IL-2 receptor molecules arc labeled either by surface 
iodination metabolically before extraction. 

A surface podination of the IL-2 receptor on cell membranes after 
extraction is performed by the ^^^I-IODO-GEN method (Pierce CI. Co., 
Rockf ord, Illinois). The details of this radiolabeling technique are well known in 
the art and described by Urdal et al., 1 Cancer Metastasis Reviews 65 (1982)j 
and, Markwell et aL, 17 Biochemistry (Wash.) 4807 (1978). The use of ^^S 
methionine to label the receptor molecules metabolically also is well known in 
the art and is described by, for instance, Robb and Greene, supra . 

After labeUng with ^^^I or ^^S methionine, the cells are washed 
with PBS and then extracted with PBS contaiiUng 1% .Triton X-100 and 2 mM 
PMSF. Affinity supports for the radioimmune precipitation assay are prepared 
by coupling purified antibodies (2A3-A1H and MOPC-21) to Aff i-gel-10. Briefly, 
one volume of moist Affi-gel-10 is added to one volume of antibody (3-5 rag/ml) 
in borate buffered saline C^BS") and then the mixture incubated overnight 
at 4*C. Thereafter, 100 ul of 1 M glycine ethylester is added per ml of gel to 
couple any of the unreacted groups on the Affi-gel-10, Apt>licants have found 
that routinely from 3 to 4 mg of antibody are coupled per fol of the gel under 
these conditions. Before use, each gel is washed extensively with PBS. Each gel 
is also washed with a buffer solution composed of PK-1% Triton X-100 and 0.5 
M THIS, pH 7.5, containing 0.5 M NaCl, 1% (w/v) NP 40 detergent, 1% (w/v) 
sodium deoxycholate, and 0,1% sodium dodecyl sulfate C^DS") (collectively 
"RIPA buffer"). 

The radioimmune precipitations are performed by mixing 50 ul of 
radiolabeled cell extract with 75 ul of PBS-1% percent Triton X-100 containing 
20% (v/v) of affinity gel having antibody coupled thereto. The mixture is 
incubated over night at 4* C and then the gel washed four times with RIPA 
buffer and twice with 0.1 M TRIS, pH 8.0, containing 0.5 M NaQ, 5 mM, 
ethylen diamine tetra acetate C^EDTA"), and 0,5% NP-40 detergent. After the 
final wash, the resulting gel pellets are suspended in 40 ul of SDS polyacrylamide 
gel sample buffer (0.06 M TRK, pH 6.8, 2% SDS, 10% glycerol, 5% 
2-mercapt ethanol and boil d tof three minutes t break apart the bonds 
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between the antibody and the ILr2 rec ptor molecules. A 30 ul sample of the 

supemate is then analyzed by SDS-polyacrylamide gel electr phoresis (PAGE) 

(8-12% polyacrylamidc gel for labeled rec ptor; 12% polyacrylamlde gel for 

^^S methionine labeled receptor) ace rding to the stacking gel procedure of 

Laemmli, 227 Hature (London) 680 (1970). 

In the lysate analysis the receptor proteins employing the ^^S 

35 

methionine gels are visualised by fluorography. To this end, the S methionine 

gels were impregnated with Enhance (New England Nudear, Boston, MA) prior to 

drying and fluorography. The receptor proteins immunoprecipitated with the 

Eels are visualised by autoradiography. To this end, the ^^^I gels are 

35 

stained with Coomassie blue prior to drying and autioradiography. Both the S 
methionine and gels arc exposed to Kodak X-omat AR^ film at -70"C for 24 
to 72 hours. 

Gel Eleetrophore^s of Chromatogrpahy Column Fractions 

Fractions eluted from the affinity chromatography and reversed 
phase HPLC columns employed in the purification processes of the present 
invention are assayed by gel electrophore^. 50 xH aliquots are removed from 
the eluate fractioiB. The aliquots are dried under vacuum after addition of 2 ul 
of 10% SDS (w/v) to each aliquot. The dried readue is dissolved in 40 ul of SDS 
polyacrylamide gel sample buffer and then boiled for 3 minutes. The solution is 
applied to an 8% polyacrylamide gel end electrophoresis is then carried out by 
the stacking gel procedure of Laemmliy supra - The resulting gel sampaes are 
silver stained by the method described by Oakley et al., 105 Anal. Biochem. 361 
(1080). 

Purification of IL-2 Receptor 

Cell extracts from the malignant and normal cells produced by the 
above procedures are initially concentrated by affinity chromatography 
techniqitts employing the same affinity si^)ports used in the radioimmune 
precipitation assay desaibed above. The procedure employed involves applying 
cell extracts first to an MOPC-21 column and then to a second column prepared 
with a mixture of MOPC-21 antibody and 2A3-A1H antibody so that in the 
second column from 3 to 4 mg of total IgG is coupled to each ml of gel, but only 
10 to 30% of the antibody is composed of 2A3-A1H. This technique is used to 
counteract the extremely high affinity between the 2A3-A1H antibody and the 
IL-2 receptor. 

In the purification procedure, the cell extracts, as prepared above, 
are first applied to the HOPC-21 column that has been preequilabrated with a 
buffer containing a detergent, therdjy to r move proteins in the cell extract 
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that might n nspeclfically bind to m use immunoglobullh. The flow through 
from the MOPC-21 column is then applied to the 2A3-A1H column. EluUon from 
this column is carri d out with a guanidine-HCL detergent solution. The 
rec V red fracti ns are then dialyzed against deer asing c ncentrati ns f th 
eluting agent to optimize the recovery of biological activity. 

Fractions are collected and assayed by gel electrophoresis and 
silver staining, as described above. Applicants have found that by use of the 
affinity chromatography procedure, IL-2 receptor from malignant ceBs which 
constitutively produce the receptor is purified approximately 1600 times from 
initial cell lysate. A somewhat lower purification level is typically attained for 
XL-2 receptor from activated normal cells. 

The pooled active fractions from the above affinity 
chromatography procedure is employed as a starting material for the HPLC 
procedures. The HPLC technicjue used in the present invention preferably 
employs a reversed phase, tetra methyl bonded silica column having a pore raze 
sufficienUy large to be optimumly utUized with the protcineaceous Xlr-2 
receptor, i.e., a pore size of at least 300 A.__ 

Suitable reversed phased HPLC columns for use in the practice of 
the present invention are articles of commerce. A preferred column for this 
purpose is the Vydac C-4 reversed phase column commercially avattable from 
Separations Group, Hesperia, CA. This column consists of tetra methyl silane 
groups covalently bonded by means of a siloxane (sUicon-oxygen-sUicon) bond to 
the surface of the 300 A pore diameter silica gel which has <>een classified to a 
mean particle size of 5 microns. Alternative HPLC columns which may be 
employed in the present invention include those constructed with octylsUane 
(Vydac C-8) or octyldecylsilane (Vydac C-18) resins covalently bonded to silica 
gel. 

The elution of the proteins from the HPLC column is carried out in 
a manner weU known in the art. A suitable elution procedure for removing the 
bonded receptor molecule proteins from the tetra methyl column involves the 
use of a linear gradient of acetonitrile. A preferred gradient for this purpose is 
Oto 95 percent (v/v) acetonitrUe gradient in 0.1% (v/v) trifluoroacctic acid 
(TFA), pH 2.1. 

The eluted protein can be convenlenUy monitored with detection 
systems that are weU known in the art. The relative protein concentration in the 
fractions eluted from the HPLC columns can be determined by measuring 
absorbance f the eluded material in an automat d ultraviolet light 
spectr photomet r, at 214 nanometers light wave length. The suitable 
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automated ultraviolet light absorbance detect! n apparatus is available from 
Waters Associates, Millford, MA. Final identification of the lL-2 r ceptor is 
dependent on the detection of the receptor by use f th soluble receptor assay 
and by use of gel electrophoresis as described above. 

By use of the above-described soluble receptor assay techniques, 
applicants have found that the specific activity of the IL-2 receptor after HPLC 
purification is very high, Le., approximately 21,000 fmole IL-2 reeeptor/ug 
protein for IL-2 receptor d^ved from malignant cells. This is approximately a 
16,700 fold level of purification over the specific activity of the IL-2 receptor in 
the starting cell lysate. The specific activity of the IL-2 receptor from normal 
T-cells was about 1/3 of the specific activity from malignant cells. By 
polyacrylamide gel electrophoresis and silver staining, applicants ascertained 
that the moleeular weight of the IL-2 receptor from normal cells is 
approsmately 60,000 daltons, as opposed to 55,000 daltons for receptor 
molecules found constitutively on the malignant cells. 
Amino Acid Sequencing 

The ability to prepare homogeneous IL-^ receptor has permitted 
applicants to determine the amino acid sequence of the amino terminal potion 
of this molecule. This information may be employed to assist in the cloning of 
the IL-2 receptor gene and the production of large quantities of pure IL-2 
receptor for clinical trials and ultimately for widespread medical use. Moreover, 
the availability of homogeneous IL-2 receptor will no doubt lead to a more 
complete understandir^ of the biology of IL-2. Wl^e the prior art has said to 
have partially *characterize<r the IL-2 receptor, applicants are not aware of any 
instances in whidi this protein has been truly purified to homogeneity to the 
extent that the receptor can be analyzed for amino acid composition and 
sequence. 

Samples of homogeneous IL-2 receptor, as prepared above, can be 
analyzed for amino a^d composition and sequence, for instance with an 
automated sequencer, such as with an Applied Biosystems model 470A protein 
sequencer. Ideally, several sequencing runs are made to confirm the accuracy of 
the sequence. Through this technique, applicants have found that the first 15 
residues of the amino terminal portion of the IL-2 receptor molecule are 
composed of the following sequence: Glu-Lcu-Cys-Asp-Asp-Asp-Pro-Pro-Glu- 
Ile-Pro-His-Ala-Thr-Phe. 
Sources of IL-2 Receptor Producing Cells 

Preferably, a cDNA library, from which the gene coding for the 
IL-2 receptor will be sought, is eonstnieted from cells known to produce high 
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levds of IL'2 receptor. As n ted above, these sources may indud malignant 
cell lines that have pr viously been identified as high level IL-2 receptor 
producers, su h as the human lymphoma T-cell line designated as HUT-102, and 
human peripheral blood mononuclear cells. ^ 

5 Preparation of RNA from IIj-2 Receptor Bearing Cells 

Total RNA from the IIj-2 receptor bearing ceUs is extracted by 
standard methods, such as disclosed by Chirgwin et aL, 18 Biochemistry 5294 
(1979) and Maniatis et al., Molecular Cloning, a Laboratory Manual , Cold Spring 
Harbor Laboratory, Cold Spring Harbor, New York (1982). 

10 As is well known, when extracting RNA from cells, it is important 

to minimize ribonuclease C*RNase") activity during the initial stages of 
extraction. One manner in which this is accomplished is to denature the cellular 
protein, including the RNase, at a rate that exceeds the rate of RNA hydrolysis 
by RNase. In the procedures of Chirgwin et aL, supra , and Maniatis et al., supra 

15 at 196, this is carried out by use of guanidinium thiocyanate, together with a 
reducing agent, such as 2-mercaptoethanol (to break up the protein disulfide 
bonds). The RNA is isolated from the protein by standard techniques, such as 
phenol/chloroform extraction, ethand precipitation or sedimentation" through 
cesium chloride. 

20 Although several techniques have been developed to separate the 

polyadenylated mRNA from the extracted protein, one preferred method is to 
chromatograph the polyadenylated mRNA on oligo (dT)-ceUulose in the well 
known manner described by, for instance, Edmonds et al., 6S Proc. Natl. Acad. 
Sci. (USA) 1336 (1971)i Aviv and Leder, 89 Proc. Natl. Acad. Sci. (USA) 1408 

25 (1972); and Maniatis et aL, supra at 197. The oligo (dT)-cellulose column is 
prepared with a loading buffer and then the mRNA applied to the column. 
Thereafter, the column is initially washed with a buffer solution to remove the 
unpolyadenylated mRNA and then the polyadenylated mRNA is eluted from the 
column with a buffered, low ionic strength, eluent. The integrity of the 

30 polyadenylated mRNA is verified by gel electrophoresis. 
Preparation of cDNA from mRNA 

A library of double-stranded cDNA corresponding to the mRNA is 
prepared by known techniques employing the enzyme reverse transcriptase. One 
such procedure which may be employed in conjunction with the present invention 

35 is detailed by Maniatis et aL, supra at 230. Briefly, the polyadenylated mRNA is 
r verse transcribed by using oligo-dT that has been hybridized to the 
polyadenylat d tail of the mRNA, as a primer for a first cDNA strand. This 
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results in a "hairpin" loop at the 3' end of the iniUal cDNA strand that serves as 
an integral primer for the second DNA strand. Next, the second cDNA strand is 
synthedzed using the ensyroe DNA pdymcrasel and the hairpin loop is cleav d 
by SI nuclease to produce douWe-stranded cDNA m lecules. The double 
stranded cDNA is fractionated by any convenient means to remove the shorter 
strands thereby avoidiDg the needless cloning of small cDNA fractions. 

It is to be understood that in accordance with the present 
inventicm, alternative well known procedures may be employed to prepare 
douMe^anded cDNA from mRNA. One such alternative technique is disclosed 
by Land et aL, 9 NucL Acids Res. 2251 (1981). In the Land et al. protocol, the 
hairc^n loop is not used as a primer for the second cDNA strand. Rather, the 
3* end of the first cDNA strand is taUed with dCMP residues using terminal 
deoxynucleotidyl transferase pTdT"). This produces a 3* taU of poljrC residues. 
Then the synthesis of the second strand is primed by oUgo^G hybritocd to the 
3' taiL TWs technique is said to help avoid loang portions of the 5' taU of the 
second cDNA strand whirfi might occur if the hairpin is cleaved with SI 

nuclease, as in the Maniatis et «1. protocoL 

Cloning of cDHA 

Nert, the double-stranded cDNA is inserted within a clomng vector 
which is used to transform compatible prokaryotic or eukaryotic host cells for 
repUcation of the vector. Thereafter, the transforroants are identified and 
plasmid DNA prepared therefrom. 

To carry out the present invention, various eloping vectors may be 
utilized to clone the cDNA. Although the preference is for a plasmid, the vector 
may be a bacteriophage or a cosmid. If cloning occurs in mammalian cdls, 
vinses also can be used as vectors. 

If a plasmid is employed, it may be obtained from a natural source 
or artificially synthesized. The particular plasmid chosen should be compatible 
with tiie contemplated transformation host, whether a bacteria such as 
EschericluB cdi C TS. colT ), yeast, or other unicellular microorganisms. The 
plasmid should have the proper ori^n of replication for the particular host cell 
to be employed. AJso, the plasmid should have a phenotypic property that wiU 
enable the transformed host cells to be readily identified and separated from 
cells that do not undergo transformation. Such phenotypic characteristics can 
include genes providing resistance to growth inhibiting substances, such as an 
antibi tic Plasmids are widely avaUable that encode genes resistant t various 
antMotics, such as tetracycline, streptomycin, siilfa drugs, p racillin, end 
ampidllin. 
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If E, coli is employed as the host cell, many possible cloning 
plasmids are commercially available which may be used In coiyunetion with the 
present invention. A preferred plasmid for performing the present invention is . . 
pBR322. This plasmid is widely commercially available and has been fully - 
sequenced, as set forth in Sutdiff e, 43 Cold Spring Harbor Sym p. Quant BioL 
77 (1979). A significant advantage of this plasmid is that it has 11 known unique 
restriction sites at which the plasmid may be cleaved by a specific enzyme, 
including the PstI site in the ampiciUin resistant gene. This feature is 
particularly useful for cloning by the homopolymer tailing method. 

If a bacteriophage is used instead of a plasmid, such phages should 
have substantially the same characteristics noted above for selection of 
plasmids. This includes the existence of a phenotypic marker and ligatable 
termini for attachment of foreign genes. 

The double-stranded cDNA prepared from mRNA, having blunt 
ends, may be inserted within a plasmid cloning vector by various methods that 
are well-known in the art. One such technique involves attaching linkers to the 
ends of the cDNA strands. The linkers are composed of approximately 8 to 10 
base pair oligonucleotides that are synthesized chemically and added to the 
double-stranded cDNA by using DNA ligase. The Hnkers are then cleaved with a 
restriction enzyme to generate cohesive termini for Insertion within a plasmid 
cleaved with the same restriction enzyme. 

An alternative procedure, and of preference in the present 
invention, is to insert the double-stranded cDNA into a plasmid vector by 
homopolymeric tailing. In this technique, complementary homopolymer tracks 
are added to the strands of the cDNA and to the plasmid DNA. The vector and 
double-stranded cDNA are then joined together by hydrogen bonding between 
complementary homopolymeric tails to form open, circular hybrid molecules 
capable of transforming host cells, such as E. coli . 

In one procedure for homopolymeric tailing, approximately 50 to 
150 dA nucleotide residues are added to the 3' ends of linearized plasmid DNA. 
A similar number of dT nucleotide residues are added to the 3' ends of the 
double-stranded cDN A and then the cDNA and plasmid joined together. 

In an alternative tailing method, dG tails are added to the 3' ends 
of the cloning vector that has been ,cleav d with an appropriate restriction 
enzyme. For instance, if the pBR322 plasmid is employed, the restriction 
enzym Pst I may be used t digest the plasmid at the ampiciUin resistant gene. 
C mplem ntary dC tails ar added to ithe 3' ends f th double-stranded cDNA 
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prior to InserUon of the cDNA segment In the plasroid with an appr priat 
annealing buffer. 

The reeomK^nant DNA plasmidSy as prepared above, ar us d t 
transform host cells. Although the host may be any approprlat pr karyotie or 
eukaryotic cell, preferably, it is a well-defined bacteria, such as E. coll or a 
yeast strain. Such hosts are readily transformed and capable of rapid growth in 
culture. However, in place of E. eoli , other unicellular microorganisms may be 
employed, for instance, fungi and algae. In addition, various forms of bacteria, 
such as salmonella or pneumococcus may be substituted tor E. coli . Whatever 
host is chosen, it should not contain a restriction enzyme that would cleave the 
recombinant plasmid. 

If E. coli is employed as a host, a preferable strain is MM294. 
Protocols for transformation of this particular host by a plasmid vector are well 
known, for instance, see Maniatis et aL, supra at 255; and, Hanahan, 166 J. Mol. 
Biol. 557 (19B3). Other strains of E. coli which also could serve as suitable hosts 
include RRl, DHl (ATCC No. 33849) and C600. These strains and the MM294 
strain are widely commercially available.. . 

Durii^ trei^ormation, hsdy a small portion of the host cells are 
actually transformed, due to limited plasmid uptake by the cells. The cells that 
have l>een transformed can be identified by placing the cell culture on agar 
plates containing suitable growth medium and a phenotypic identifier, such as an 
antibiotic. Only those cells that have the proper resistance gene (e.g., to the 
antibiotic) will survive. If the recombinant pBR322 plasmid is used to transform 
E. eoli strain MM 294, traieformed cells can be identified by using tetracycline as 
the phenotypic identifier. 

Preparation of a Synthetic Oligonucleotide Screening Probe 

A radiolabeled synthetic oligonwdeotide corresponding to a portion 
of the amino acid sequence of the IL-2 receptor, as determined above, is used as 
' a probe to screen the cDNA library. The hybridization of the synthetic 
oligonucleotide probe with plasmid cDNA prepared from the library clones is 
subsequenUy Identified by autoradiography. 

The amino terminal portion of the IL-2 receptor molecule has been 
identified and partially sequenced, above. A portion of this amino acid sequence, 
composed of the residues: Cys-Asp-Aqc>-Asp-Pro-Pro, is employed as the basis 
for the synthetic oligonucleotide probe. This particular portion of the amino 
acid sequ nee of the IL-2 recept r has the advautag of being short enough to be 
asily ch micelly synthesized, whil also b^f^ long enough to be useful as a 
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direct probe for the IL-2 receptor gene. Also, this sequence corresponds to a 
particular codon omposilion that is relatively free f ambiguity. 

Applicants have developed tw synthetic oligonucleotides from the 
above amino acid sequence, for use as probes to screen plasmid DNA thought to 
contain the IL-2 receptor genes. The probes are composed of the following two 
sequences each having 17 bases: 5* G-G-'Jj-CM^G-T-O-G-T-C-G-T-C-A-O-A 3*. 
The particular compositions of these probes were arrived at after conducting 
initial primer extension analysis which enabled applicants to eliminate other 
possible oligonucleotide sequences corresponding to the above-identified amino 
acid sequence. The compositions of the probes are the same except for the third 
nucleotide from the 5' end, which in one oligonucleotide is composed of 
thymidine and in the other is composed of cytoslne. Also, the last nucleotide of 
Pro residue was not employed thereby to reduce the ambiguity of the 

oligonucleotide probes. 

Although the described oligonucleotide sequences are the preferred 
composition of the synthetic probes of the present Invention, it is to be 
understood that probes of other compositions corresponding to-additional -partial 
amino acid sequences of the IL-2 receptor molecule can be employed without 
departing from the spirit or scope of the present invention. 

The synthetic oligonucleotide probes may be chemically 
synthesized by well-known techniques, such as by phosphodiester or triester 
methods. Methods for triester synthesis ere set forth in Sood et aL, 4 NucL 
Acid Res. 2557 (1977)? and, Hirose et aL, 28 Tet. Lett. 2449 (1978). After 
synthesis, the oHgonudcotide probe is labeled with T4 polynucleotide kinase and 
^^P-ATP, for instance by the protocol set forth in Maniatis et al., supra at 122. 
Advantageously, the oligonucleotide probes can be synthesized with OH 
5^ termini thereby avoiding the phosphatase procedure typically required. 
Screening; of cDNA Library 

In the screening procedure of the present invention, the 
transformed bacteria cultures are pooled into groups. After the replicated 
plesmlds have been extracted from the transform ants, DNA is prepared by 
cleaving the plasmids at the PvuH and Hind HI restriction sites, both being 
unique sites on the hybrid plasmid. The resulting DNA segments are fractionated 
by electrophoresis on agarose gels and then directiy analyzed by Southern 
blotUng, for instance as described in 98 J. Mol. Biol. 503 (1975). The DNA that 
' binds to the nitrocellulose filter in the South rn blotting procedure is hybridized 
with the label d Hgonudeotide probes. The specific DNA fragments that 
hybridize to the probe are identified by atit radi graphy. 
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The particular pool(s) of clones that give a signal foil wing 
autoradiography are plated ut and used in direct bact rial colony hybridization 
on a nitrocelluloBe filter with the aaro above-identified oligonucleotide probes. 
After compl tion of the hybridization, the nitroceUulose f Uter Is m nit red by 
5 autoracfiography to identify positive colonies. In the present invention, 
appUcants discovered two such positive colonies. Plasmid DNA, designated as 
lL-2 RecN4 (hereinafter "N4") and IL-2 Rec Nl (hereinafter "Nl") were 
prepared from the two particular poative coloraes identif ied, 
Charaeterlgation of Screened cDN A 

The plasmid DNA prepared above is iniliBlly characterized by 
restriction enzyme mapping. Various strategies for restriction enzyme mapping 
are discussed by Manlatis et al., sugra at 374, One preferred technique involves 
the parUal digestion of end-labeled fragments of linear DNA. This technique, 
developed by Smith and Bimstiel, 3 HucL Acids Res, 2387 (1976), is now well 
15 known in the art. ParUal restriction enzyme maps of the N4 cDNA done in the 
region of the IL-2 receptor gene and of the Nl cDNA clone are shown in 
FIGURE 1. A distance scale for 100 nucleotide base pairs ("bp^) is also shown. 
The Pst I sites shown in brackets are those generated by the cloning procedures. 

The maK>ed plasmid cDNAs are iiutially partially sequenced to 
20 determine whether they are homologous to the amino acid sequence of the IL-2 
receptor. Although a^ilicants have ascertained that both cDNA clones 
illustrated have nucleotide sequences corresponding to the known N-terminus 
amino acid sequence of the IL-2 receptor, as discussed below, only the pN4 
cDNA done contains the gene coding for lL-2 receptor. The N-terminus of the 
25 mature IL-2 receptor protein is located at the Ssl I site of the N4 clone- 
Thereafter, the cloned cDNA's arc sequenced using chain- 
termination method. This method of nucleotide sequendng was originated by 
Sanger et aL, 70 Proc. NaU. Acad. Sd. (USA) 5463(1977). See U5. Patent 
No. 4,322,499. Methods for chain-termination sequence determination are set 
30 forth' in the Aroersham Handbook entiUed, M13 Cloning and Sequencing, 
Blenhdm Cresent, London (1983) (herdnafter -Amersham Handbook"); Messing, 
g Recombinant DNA Technical Bulletin. NIK Publication No. 79-99, 2, 
43-48 (1979^, Norrander et aL, 26 Gene 101(1983); Cerretti et al., llNucL 
Adds Res. 2599 (1983>, and, Biggin et aL, 80 Proc. Nati. Acad. Sd. (USA) 
35 3963 (1983). M13 filamentous phage are employed as vectors to done the DNA 
sequ&iees of interest. Thes phage v ctors provide single^tranded DNA 
templates which are readily sequenced by chdxt-termination m thod, which 
involves primii« a rii^le-stranded template mdeculc with a short primer strand 
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having a free 3' hydroxyl group and then using DNA polymerase to copy th^. 
template strand in a chain extension reaction using all f ur deoxyribonudeotide. 
triphosphates, l.e., dATP, dCTP, dGTP, and dTTP (collectively referred t as 
"dNTPs"), with one of them being radiolabeled. In the synthesis reaction, a 
5 nucleotide ^clf Ic chain terminator lacking a 3'-hydroxyl terminus, for instance, 
a 2', 3' dideoxynucleotide triphosphate ("ddNTP"), Is used to produce a series of 
different length chain extensions. The terminator has a normal 5' terminus so 
that it can be incorporated into a growing DNA chain, but lacks a 3' hydroxyl 
terminus. Once the terminator has been integrated into the DNA chain, no 
10 further deoxynucleotide triphosphates can be added so that growth of the chain 
stops. Four separate synthesizing reactions are carried out, each having a 
ddNTP of one of the four nucleotide dNPTs, i.e., dATP, dCPT, dGTP and dTTP. 
One of the normal dNTPs is radiolabeled so that the synthesized strands after 
having been sorted by size on a polyacrylamide gel, can be autoradiographed. 
The chain extensions from the four reactions are placed side by side in separate 
gel lanes so that the pattern of the fragments from the autoradiography 
corresponds to the DNA seqiieiice «t the cloned DNA". 

The DNA and corresponding amino acid sequences of the-N4 and Nl 
clones from the 5' ends to the Xbal restriction site, as determined by the above 
techniques, are illustrated in PIQUKE 2. As detailed below, the gene coding for 
IL-2 receptor is contained in the N4 done and not in the Nl done. In FIGURE 2, 
the nucleotide sequence shown is from the N4 clone except for the sequences 
upstream from the arrow, which are derived from the Nl^done. The arrow 
marks the 5' end of the insert in the N4 done. The nucleotides are numbered 
25 from the position of the initiator methionine codon to the TAG termination 
codon. The amino acids are numbered beginning from the mature NHj-terminus 
of the IL-2 receptor protein. I.e., the Qlu residue, marked wlth trtrtar, and 
extending to the lie residue (251) located adjacent the termination codon TAG. 
The IL-2 receptor gene, extending from the initiator methionine codon to the 
30 TAG termination codon, is shown as a box portion in FIGURE 1. 
Correspondingly, the coding region of the Nl done is shown as a box porUon. 
The restriction enzyme deaving sites identified in FIGURE 1 are also indicated 
in FIGURE 2. 

The base sequence of the Nl done differs from the N4 done, in 
35 that the N4 done contains a 216 base pair insert sequence n t pre nt in the Nl 
done, xt nding from nudeoUdes 370 to 585 (underlined in d ts in FIGURE 2). 
This 216 base pair insert is shown in FIGURE 1 as the unshaded box portion f 
the N4 done. The tw dones also differ at nudeotides 148, 183, 322 and 327. 
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In acWitlcm, as shown in FIGURE 2, thr e f these sequence differ ntials would 
cause amino acid changes. In terms of amilartties, both clones contain the 
sequence of th oligonucleotide probe employed abov , with a single base pair 
mismatch, and both encode the amino acid sequenc determined above for the 
NHg-terminus of the IL-2 receptor. Both also encode a stretch of 15 amino 
aci<k immediately preceding the NHj-terminus sequence, which starts with a 
mcthioidne residue and has many of the characteristics of a hydrc^hobic signal 
peptide expected from membrane or secreted proteins. 

In preparation fw the sequeawing procedures, the cDNA clones 
^wn in FIGURE 1 are digested with various restriction endonudeases in various 
combinations and then the resulting DMA fragments cloned into .M13 phage 
vectors to form sir^le stranded DNA templates. A universal primer is used to 
sequence the sense and nonsense strands. Rather than relying on the sequendng 
results obtained from sequencing the entire length of the fragments with a single 
chain termination procedwe, in the longer fragments additional synthetically 
produced primers are used to initiate the chain termination procedure from 
intermedSate locations along the lengths of the fragments. By this process, both 
strands of the cDNA clones shown in FIGURE 1 are sequenced in overlapping 
fashion, thereby serving to reAmdantly confirm the sequences. 

It is to be understood that rather than employing the chain- 
termination technique outlined above, other known methods may be utilized to 
sequence the IL-2 receptw gene without departing from the spirit or scope of 
the present invention. Fw instance, the chemical d^radation method of Maxam 
and Gilbert as set forth In 74 Proc Natl Acad. Sd. (USA ) 560 (1977) can be used. 
Expression Of Functional lIi-2 Receptor From c DH A Clones 

To determine whether the cDNA coding regions of the Nl or N4 
clones coifld encode a functional IL-2 receptor, the clones are expressed in 
mammalian cells. Hybrid cDNA fragments cont^ning the coding re^ons of 
the N4 and HI clones are iieerted into a plasmid vector derived in part from 
simian virus 40 ("SV40"). The genome of this virus consists of a angle, smaU, 
covalentiy dosed drcular DNA molecule whose entire nudeotide sequence has 
been determined, Fiers et aL, 237 Nature, (London) 113-120 (1978), and Reddy et 
al., 200 Science 494-502 (1978). The two constructed vectors, designated as 
PMLSV-N1/N4-S and pMLSV-Hl/N4-X, having the coding regions of the N4 and 
HI denes, respectively, are Illustrated in FIGURE 3A. 

The above-deUneated vectors are transfected int mammalian 
cells. After si&sequent incubation, the cdls are harvested and assayed for 
expression of mature IL-2 receptor by thdr abiUty to bind to labded IL-2 or the 
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labeled 2A3-A1H monod nal anUbody directed against the IL-2 receptor. 
Labeled 2A3-A1H m nodonal antibody may be prepared as described above. 
JL-2 may be prepared by established methods, such as set f rth in U& Patent 
N . 4,401,756, and in Urdal t al., 2S6 3. Chromatog. 171(1984) and then 
radiolabeled, for instance by use of a radioiodination reagent such as 
Enzyroobead ^ (BioRad Laboratories, Richmond, CA.). As shown in sections B 
and C of FIGURE 3, the mammalian cells transfeeted with the pNl/N4-S vector 
specifically bound to both IL-2 and the 2A3-A1H monoclonal antibody. 
However, neither pNl/N4-X or mock-transfeeted cells (prepared as a control) 
specifically bound to IL-2 or the 2A3 monoclonal antibody. Since the pNl/N4-S 
vector contained the coding region of the N4 done, this indicated that this done 
contains the gene coding for the functional lL-2 receptor protdn, whereas the 

Nl done does not. 

The processes and products of the present invention are further 

illustrated by the follovidng examples. 

BXAMPLEl - 

PTCparation of IL-2 Receptor Conttuning Ex tracts From Malignant CdlLine 

Hut-102 edls in a concentration of 2 x 10^ cells per ml were 
cultured in 100-500 ml volumes in various plastic culture flasks or bottles 
(Falcon Plasties, Oxnard, CA) in RPMl-1640 medium. The medium was supple- 
mented with 10% FCS, 2 mM glutaralne, 100 U/ml penicillin and 100 ug/ral 
streptomycin. Since the HUT-102 cells have been reported to produce human 
T-cell leukemia virus (HTLV-1), work with this cdl line was performed in a P-3 

isolation facility. 

The cells were cultured for 3-5 days in a humidified atmosphere of 
5% CO. in air. After tiiis period of time, viible cells were harvested by 
centrifugation and washed three times in PBS. Thereafter, the cdl pdlet was 
suspended in a vdume that is three times the vdume of the cdl pdlet in a 
solution composed of PBS containing 1% (w/v) Triton X-100 detergent and 2 mM 
PMSF. This mixture was kept on Ice and periodicdly vortexed for 30 minutes. 
The extract was then centrifuged at 20,000 xg for 20 minutes to remove nucld 
and insoluablc debris. The cdl extract, as thus prepared, was then stored at 
-70t: until used. 
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EXAMPLE 2 

PreperatSon of IL-2 Receptor Containing Extracts Prom Lectin Activated 
Normal CeDs 

Human peripheral blood mononuclear cells were prepared by FicoU- 
Hypaque density gradSent ccntrifugation as described by Boyura, supra . The 
resulting cells were incubated se[>&rately in lOO-mm plastic petri dishes in 8% 
PCS at a concentration of 2-5 x 10^ per mL The adhcroit ecHs were recovered 
with a rubber policeman after removing nonadherent cells with three media 
washes. The E~ adherent cells together with the E"*" nonadherent cells in a ratio 
of 1:25 were placed in bulk culture in 75-cm^ flasks at a concentration of about 
1-2 X 10^ ceUs/ml in RPBn-1640 medium supplemented with 10% PCS, 100 U/ml 
penicillin and 100 ug/ml streptomycin. Activation was accomplished with 1% 
(v/v) PHA {Difco Laboratories, Detroit, MI). The cultures were incifl)ated at 
37*t in an humified atroosphwc of 596 CO^ in air. Aliquots containing 
approximately 1-2 x 10^ cells were removed at various times for analysis of cell 
surface IL-2 receptors. 

Cells were harvested by ccntrifugation i^iprojdmately 72 hours 
after mitogen stimulation, and washed three times with PBS. The resulting cell 
pellet was suspended in a volume three times the volume of the pellet in a 
solution composed erf PBS containii^ 1% (w/v) Triton X-100 detergent and 2 mM 
PMSF. The resulting mixture was kept on ice with periodic vortexing for 30 
minutes. Thereafter, the extract was centrifuged at 20,000 x g for 20 minutes to 
remove nuclei and Insoluable debris. The resulting cell extracts were stored at 
-70^? centrigrade untfl used, 

EXAMPLES 

Production of Monoclonal Antibody To IL-2 Receptor 

Female BALB/c (Jackson Laboratories, Bar HarbOT, ME) of ages of 
from 8-12 weeks were immunized intradermally in the hind legs with 10 
PHA/PBL. Prior to immunization, the PHA/PBL cells were prepared as an 
emiilaon by mixing these cells with 0.4 ml of complete Freund»s adjuvant (Dif co 
Laboratories). After the initial immuidsation, the mice were rechallenged 
weekly for four weeks vrith 10^ PHA/PBA in incomplete Freund's adjuvant. 

Periodically, serum from the mice was collected and tested 
individually for binding to PHA/PBL by ELISA, in a manner well known in the 
art. The animals found to have the highest response were given an addticoal 
intravenous ii^ection of 10^ PHA/PBL in PBS. Four days later, the animals wore 
sacrificed by cervical location. The sple ns of the animals were harvcr.ted 
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ana single cell suspensions prepared therefrom. The spleen cells were cultured In 

medium. . 

Fusion was achlev d by mixing approximately 20 x 10 spleen cells 
with approximately lOxlO^NS-l murine myeloma cells in a SOnfl conical . 
centrifuge tube. The cell mixture was pelleted by centrifugati n for S minutes 
at 200 X g, and then the supernate removed by aspiraUon. The centrifuge tube 
with its Intact cell pellet was transferred into a 37t water bath. Then 
polyethylene glycol 15 w (Eastman, Inc.) (50% (w/v) in KPMI-1640 was aUed to 
the cell pellet in dropwise manner at a ratio of 1 ml of PEG/1.6 X 10 sjieen 
cells. Thereafter, one volume of RPMI-1640 and 10 volumes BPMI 1640 
containing 15% PCS and 1 mM pyruvate were slowly added during genUe stirring. 
Then, the cell suspension was centrifuged at 200 xg for 5 miraites and the 
supernate discarded to complete the fusion process. 

The hybrid cells were selected by resuspending the resiflUng ceU 
pellet in Click's medium containing 15% PCS and 100 mM sodium pyrrote. The 
unfused myeloma driver cells (NS-1), double NS-1 hybrids, unfused sfleen cells 
and double spleen cell hybrids were prevented from proliferation by the addttion 
to the medium of approximately 13.6 mg/L of hypoxanthane, njlirngfl. 
aminopterin and 3.88 mg/L of thymidine. The suspension was then divided into 
200 111 aliquots in flat-bottom microliter plates (No. 3596, Costarjnc, 
Cambridge, MA). The cultures were maintained at approximateSy 37" in a 
humified atmosphere of 5% COj in air. 

After 10 days of culture, a 100 ul aliquot of supernate was removed 
from each viable culture and tested in an ELBA assay for binding to PHA/PBL 
(IL-2 receptor positive) or PBL (IL-2 receptor negative). Hybrids which 
demonstrate significant binding to PHA/PBL and litUe or no binding to PBL were 
transferred to 1 ml cultures and gradually weaned to HAT-free media. These 
hybrids were subdoned by limiting dilution cultures. Through tMs process, 
applicants have identified one particular hybrid clone, desagnated as 2A3-A1H, 
which significanUy inhibits both mitogen and antigen induced prrilif«ation of 
human PBL. Samples of this cell line ere on deposit with the Ameriean Type 
Culture Collection ("ATCC"), Rockville, MD., under accession Ka HB 8555. The 
2A3-A1H monoclonal antibody has been characterized as of the jK isotype 
that exhibits a very high affinity to the human lL-2 receptor. TWs antibody 
inhibits the binding of IL-2 to its receptor and is antagonistic of IL-2 action. 



-24- 



01 62699 



BXAIIP1B4 

In Vivo Production of HiibridpmR CeOs Produ« ^ing Monoclonal Anti-IL-2 Beceptor 

AiiU-n.-8 receptor antibody was produced in high coneentralion in 
vivo intraperitoneal injection of BALB/c mice with approriroately 1-10 x 10 
hytvidoma cells. One week prior to hybridoma cell injection, recipient BALB/c 
mice were given approximately 1.0 ml of pristane intraperitoneaUy as an ascites 
indiKdng irritant. From 8 to 14 days after hybridoma injecUon, intraperitoneal 
ascites were coBeeted and each vdurae of fluid is mixed with 0.9 volume of 45% 
saturated ammonium sulfate and stirred overnight. The precipitate was 
seated by centrifugation and re&solvcd in phosphate buffer (0.05M), pH 6.8. 
Readual ammoiuum sulfate was removed by dialysis against the same buffer. 

The pcotdn soluUon was then passed over a 5 ml bed volume DE-52 
column (Whatman, Clifton, N J) and the fronting peak of protein was pooled. The 
pooled fracttons were flalyzed against 0.02 M so«um borate, 0-1 M sodium NaCl, 
pH 8.5, eras-) and then applied to a 2.6x90 cm ACA-34 ttKB, Bromma, 
Sweden) gel fittration eduron prwrtously eqifllibrated in the same buffer. The 
fractions corresponding to IgG were wittected and pooled. Yields typically were 
in the rai«e o{ S mg IgG/ ml of ascites. 



EXAHFLE5 

Purification of IL-2 Reeeptor Bv Aff Irity Chromotography [ 

CeU extracU from normal and malignant cells produced by the 
procedures of Examples 2 and 3 were concentrated by affinity chromatography 
technique emtOoying an Initija gd column having control antibody for removing 
protein that might nofepecif ically bind to mouse IgG and a second column having 
2A3-A1H antibody bound thereto. The control antibody used in the initial 
column was secreted by the myeloma ceB line M0PO21. This antibody is of the 
same isotype as the 2A3-A1H antibody and is readily available. 

To prepare the columns, purified 2A3-A1H and MOPC-21 anti- 
bodies were coupled to Affi-geHO (BioKad, Richmond, CA) according to the 
manufacturer's iiBtrucUoiB. Equal volumes of moist Affi-gel-10 and antibody (3- 
5 rag/ml) in PBS were mixed together and incubated overmght at 4t. There- 
of t r, unreacted sites on the Affi^lO were Mocked by addition of 100 id of 
IM glycine thyl ester per ml of get AppUcants found that the anUbody^oupled 
gel routinely contained Item 3 1 4 mg f antibody per ml of geL 
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B cause the 2A3-A1H antibody exhibits such an xtremely high 
affinity for the IL-2 rec pt r, the receptor yield from the chromatography 
columns was improved by employing columns prepared with a mixture f MOPO 
21 and 2A3-A1H anUbody. At tal of 3 to 4 mg IgG. was still coupled per ml f 
gel, but only 10-30% of the IgG is composed of 2A3-A1H. The column having 
both MOPC-21 and 2A3-A1H antibody bound thereto will be referred to as the 
"2A3-A1H" column. 

Prior to use, each gel was washed extensively with PBS and RIPA 
buffer. The MOPC-21 and 2A3-A1H gel columns were poured in 3 ml syringes 
that have their open ends closed with a cork and tubing, thereby to enable the 
columns to be run in either direction. The cell extracts, as prepared in 
Examples 1 and 2 above, were first applied to the MOPO-21 column at a flow 
rate of 0.1 ml/min at 4 **C to remove proteins that nonspecifically bind to the 
mouse IgG. This absorption was repeated once more and then the flow-through 
from the MOPC-21 column is twice applied to the 2A3-A1H column. 

The 2A3-A1H column was then washed with 10 column volumes of 
PBS-1 % Triton X-100, 10 column volumes of RIPA buffer and lastly, 10 column 
volumes of PBS-1 % Triton X-100. Thereafter, the receptor was cluted from the 
column with 6M guanidine hydrochloride ("GuHCr) and 0.5 % Triton X-100. 
Eluate fractions in 1.2 ml volume were collected and each fraction was dialyzed 
against 3 M GuHCl in 0.5 % Triton X-100 for four hours. This was followed by 
dialysis against 1.5 M GuHCl in 0.5 % Triton X-100. Final dialysis was 
performed against PBS containing 0.5 % Triton X-100. Aliqudts at each stage of 
the purification were saved for analysis of: biological activity by the above- 
described soluble receptor assays; protein concentration by fluorescamine assay 
with bovine serum albumin as a standard, as is well known in the art; and, protein 
heterogeneity by polyacrylaraide gel electrophoresis with the protein being 
detected by silver staining, as also described above. From these assays, the IL-2 
receptor from the HUT-102 cells was found to have a specific activity of 
approximately 2,000 fm receptor/ug protein. The specific activity from the 
PHA-PBL cells was somewhat less, 

EXAMPLES 

Reversed Phase High Performance Liquid Chromatography 

The active fractions obtained in Example 5 were pooled for use as 
the starting mat rial for the HPLC process. Thes fractl ns were pumped 
directly onto a 3.9 mm times 15 cm Vydac C-4 column, which had been 
previously equilibrated with 0.1 per ent TFA in water, at a flow rate f about 



-26- 



0162699 



1 ml/miB with a Waters M-4S A solvent pump (Waters Associates, MiUford, 
Maine). The loaded eoluron was lidtiaQy washed with 0.1% TFA to r mov nott- 
bound components imtn the absorbence at 214 nanometers as det cted with a 
Waters Model 441 absorbence detector drops to base Une. Elution of bound 
proteins was eeeompUshed with a linear gradient of 0-*9S% acetonitrfle in 0.1 
percent TPA (v/v) at a rate of 1% per minute. The IL-2 receptor protein was 
found to elute off the oothinin in the 50 to 55% acetonitrfle fractions. 

One minute fractions were collected (1 ml) and 50 ul aliguots were 
removed from ea^ fraction for analysis by polyacrylamide gel electrophoresis 
followed l>y silver staining. TWs technique resulted in the separation of a sii^e 
band of protein at a molecular weight of 55,000 daltons for the HDT-102 
receptor molecule. The PHA-PBL receptor molecule, which eluted at the same 
position on the HPLC as the HOT-102 receptor molecule, exhibited a single band 
of protein having a molecular weight of 60,000 daltons. 

Aliquots in 50U1 volumes were also removed from the minute 
fractions for biological assay. The aliquots were dried under vacuum in the 
presence of 50 vg BSA. The dried residue was dissolved in PBS-2% Triton X-100 
for analysis by the soluble receptor assay techniques discussed above. This assay 
inScated that the IL-2 from Hirr-102 receptor had been purified from 1.26 
f mole receptor/ug in protein the cell lysate startir^ material to approximately 
21,000 f mde receptcx'/ug protein after the HPLC purification step. This equates 
to an increase in purification of the IL-2 receptor of about 16,670 times. The 
specific activity of the PHA-BPL receptor after the HPLC purification step was 
found to be approximately 5,000 fmole reeeptor/ug protein. 'It is clear from the 
single protdn bands which resulted from the polyacrylamide gel electrophoresis 
and silver staining of the fractions collected after HPLC, end also from the 
specific activities of the fractions analyzed by the soluble receptor assays, 
essential homogeneity of the IL-2 receptor molecule was achieved. 

EXAMPLE 7 

Protein Sequencing 

Purified IL-2 rec^tor from Example 6 was dried under vacuum to 
a final volume of approximately 100 ui and then subjected to automated amino 
terminal Edman degretion using an Applied Biosystems Model 470A protein 
sequencW. Fractions from the sequencing cycles were evaporated t dryness end 
then resuspended in acetonitrile/H^O (50:50) befor injection into an HPLC 
column for residue identification. 
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By the above process, the amino-terminal amino acid sequence for 
the IL-2 receptor from both the HUT-102 and PHA-PBL cells were found to be 
the same. The first 15 residues of the N-t rminal portion f the IL-2 r ceptor 
molecule was determined to be composed of th foUowing s quence: Glu-Leu- 
Cys-Asp-Asp-Asp-Pro-Pro-GliHle-Pro-His-Ala-Thr-Phe, This amino acid se- 
quence was compared with known protein sequences contained in the National 
Biomedical Research Foundation protein data base "SEARCH" (January, 1984), 
and was not significanUy homologous to any protein sequence contained in this 
data base. 

EXAMPJUE8 
Preparation of Polyadenylated mRNA 

Hut-102 cells at a concentration of approximately 2 x 10^ cells/ml 
were cultured in 100-500 ml volumes in RPMI-1640 medium supplemented with 
10% PCS (v/v), 2 mM glutamine, 100 U/ml penicillin and 100 ug/ml streptomycin. 
The cells were cultured for 3-5 days in a humidified atmosphere of 5% CO^ in 
air. After this period of time, viable cells were harvested by centrifugation. 

Total RNA was extracted from the Hut-102 cells by the method as 
decribed by Chirgwin et aL, supra . In this procedure guanidinium thiocyanate 
was used to denature the ceUular protein including the RNasc at a rate that 
exceeds the rate of RNA hydrolysis by RNase. The mRNA was removed from 
the cellular protein by ultracentrifugation through a dense cushion of cesium 
chloride. 

Thereafter, polyadenylated mRNA was separated from the ex- 
tracted protein on an oligo (dT)-cellulosc chromatography column using the 
method disclosed by Maniatis et aL, supra at 197. Briefly, the column was 
prepared with application buffer composed of 20 mM Tris-Cl (pH 7.6), 0.5 M 
NaCl, 1 mM ethylene diamine tetraacetate CIEDTA") and 0.1% sodium dodecyl 
sulfate pBDS")- The pellet was dissolved in water and application buffer and 
then loaded onto the column. The nonadsorbed material was removed by initial 
washings with application buffer followed by additional washings with application 
buffer containing 0.1 M NaCl. The retained polyadenylated mRNA was removed 
with buffers of reduced ionic strength composed of 10 mM Tris-Cl (pH 7.5), 
1 mM EDTA and 0.05% SDS. The eluted polyadenylated mRNA was precipitated 
at -20*t; with 1/10 volume sodium acetate (3M, pH 5.2) and 2.2 volumes of 
ethanol. After duUon of th polyadenylated mRNA from the oligo 
{<Tr)-ceUulos olumn, the integrity f th polyadenylated mRNA was confirmed 
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by electrophoresis through Agarose gels as detailed in Maniatis et aL, supra at 
199. 

E2AUFUS9 

Construction of ePWA Library 

A library of double-stranded cDNA corresponding to the mRHA 
was prepared from the purified niRNA in Example 8 by employing the procedure 
detailed by Uaniatis et al., supra at 229. Oligo-dT was hybridized to the 
pdlyaden^ated taO of the mRNA to serve as the primer for the reverse 
tr^tnscriptlon of the first cDNA strand. The enzyme avian myeloblastosis virus 
("AMV^ reverse transcriptase was employed to synthesize the first DMA strand 
by u^i^ the mENA as a template. This procedure resulted in a hairpin loop 
being formed at the 3* end of the initial cDNA strand. The hairpin loop served as 
an integral primer for the second cDNA strand. After the mRNA strand was 
degraded with NaOH, the second cDNA strand was synthesized with DHA 
polymerase L The hairpin was then removed with nuclease SI to produce double- 
stranded cDNA molecules. 

The double-stranded cDNA was fractionated into size classes by 
Sephaeryl S-400 column chromatography and monitored by alkaline agarose 
electrophoresis u^x% encHabded fragments of pBE322 DNA as molecular-weight 
markers. Strands having a length of less than 500 bp were culled out to avoid 
needless dooing of these undersized cBNA fractions. 

The double-stranded cDNA fractions, as prepared above, were 
inserted into the Pst I site of the pBR322 plasmid. The double-stranded cDNA 
was tailed with poly (dC) at its 3* ends. The plasmid pBR322 was digested with 
Pst 1 endonudease and then tailed with poly (dG) at its 3* ends. The tailed 
plasmid DNA and the tailed cDNA were annealed in annealing buffer (0.1 M 
NaCl, 10 mM Tris-Cl (pH 7.8) and 10 mM ETDA) to form novel recombinant 
plesmids. 

The recombinant plasmids were transformed into E. coli strain 
MM 294 by using the procedure of Hanahan, supra in which the E. coli cells were 
prepared by growth in elevated levels of Mg^. The transformation hosts were 
plated and then transformants are identified by use of tetracycline as a 
phenotycdc identifier. By use of this technique, applicants obtained approxi- 
mately 2 X 10^ independent transformants. 
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EXAMPLE 10 

Preparation of Synthetic Oligonucleotide Screening Pr bes 

Synthetic oligonucleotides wer employed as a probe in screening 
the cDNA library prepared as set forth abov in Example 9. The probes were 
composed of the following compositions: 5' G-G-1^-G-G-G-T-C-G-T-OG-T-C- 
A-OA 3*. These oligonucleotide probes were chemically synthesized by triester 
method using the weU known techniques of Sood et al., supra and Hirose et al., 
supra . 

After chemical synthesis had been completed, the 5' ends of the 
oUgonueleotide probes were labeled with ^^P. To facilitate labeling, the 5^ ends 
of the oligonucleotide were synthesized with OH termini, thereby eliminating the 
phosphatese treatment which typicaUy must be employed when labeUng DNA 
fragments. The labeling protocol included adding 1 ul of the synthetic oligonuc- 
leoUdes to 16 ul of P - ATP (7000 Ci/mM), 1 microliter ("ul") (10 U) of T4 
polynucleotide kinase and 2 ul of 10 x kinase buffer I. The 10 x kinase buffer I 
was composed of 0.5 M Trls-Cl (pH 7.6), 0.1 M MgClg, 50 mM dithiothreitol, 
1 raM spermidine and 1 mM ETDA. The reaction was carried out at 37*t; for 
30 minutes, and thereafter the synthesized oligonucleotides were extracted with 
phenol/chloroform. The labeled probes were separated from unlabeled oHgonuc- 
leotides by chromatography on or centrifugation through Sephadex G-50 
columns. 

EXAMPLE 11 

Screening of cDNA Library 

To faciUtate initial screening of the cDNA library prepared in 
Example 9 above, the transformed bacteria cultures were grouped into pools 
each having approximately 5,000 different clones, Plasmid DNA was removed 
from samples of the host bacteria by the weU known alkaline lysis method, for 
instance as described by Ish-Horowiez and Burke, 9 Nucl. Acids Res., 2989 
(1981). 

The isolated plasmids were separated into two fragments. This was 
accomplished by initially digesUng the plasmids to completion with PvuH and 
Hind in. The plasmids were redissolved in 20 ul of 1 x Hind m buffer (7 mM Tris, 
(pH 7,4), 7 mM magnesium chloride, 60 mM NaCl) and then 1 ul of Pvu H and 1 ul 
of Hind ni restricUon endonudeases were added. This mixture was incubated at 

37**C for two hours. 

Next, the plasmid digests were fractionated by electrophoresis 
thr ugh 0,8% agarose gel with markers of appropriat size. The agarose gel was 
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bl tted onto idtroccBulose mtcr using the weU known method described by 
Southern, weu After the transfer process, the f aier was air dri d and baked 
f OT two hours at approodniately 80*C undo* a vacuum t bind the DNA fragments 
to the nitrocellulose. - 

The boimd DNA was next hybridized with the labeled oligonucleo- 
tide probes. Briefly, the baked nitrocellulose was presoaked in 6 x saline sodium 
citrate C^SC") (20 X SSC Is composed of 175.3g of NaCl and 88.2g of sodium 
citrate in 800 ml of H^O, with pH a«iBted to 7.0 with ION HaOH) and then 
incubated at 50*t for 2-4 hours In prehybridization buffer composed of 6 r SSC, 
0.5% NP40 detergent, 0.1% sarcosyl, 5 x 0enhardt's solution (0.02% Ficoll. 0.02% 
polyvii^yl pyrroUdone, 0.02% BSA) and 100 ug/ml denatured salmon sperm DNA 
{3igma Type in, sodium salt). The ffitcr was then incubated overnight at 50*C 
with the %-labeled oligonucleotide probe (10^ cpm/ul) (from Example 10) in 
hybri<firfng solution as above. After overnight hybridization, the filter was 
washed extensively with 6 x SSC at room temperature and then for 5 minutes at 
50*t; with 6 X SSa After air drying, the filter was sidjjected to autoradiography 
at - 70*t;. 

From the autoradiography, applicants found several pods of trans- 
formants generating hybridizing bands. The appropriate pools of the 
transfocmants were plated out and then used in direct bacterial colony hybridiza- 
tion on riitroceUulose' paper with the labeled oligonucleotide probe under the 
same hybridizing conditions as above. By this process, two positive eolomes 
were Identified. 

EXAMPUS 12 

Restriction Enzyroe Mapping of S creened cDHA 

Plasmlds, dedgnated as N 4 and Nl, were prepared from the identi- 
fied poMtive colony by the procedures set forth in Example 9. Samples of the N4 
and Nl plasmids tr^msformed into E. coli strain MM294 are on deposit with the 
ATCC, under Accession Nos. 39752 and 39751, respectively. Thereafter, the N4 
and Nl plasmids were analyzed by restriction enzyme mapping using the standard 
method developed by Smith and Birnstiel, sug^a, involving partial digestion of 
end-labeled ft-agments of the Unearized DNA. The DNA fragments were labeled 
at their 5' termini with ^^-phosphoryl groups using polynucleotide Idnase and 
^^P - ATP.. The labeled DNA strands were then cleaved asymmetrically with a 
suitable restriction enzyme to provide two fragments, each labeled at only ne 
of its ends. These labeled fragments were isolated by gel electrophoresis. Each 
of the two fragments was partiallj digested by appropriate restricti n enzymes. 
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Although a large spectrum of digestion fragments were produced, the labeled 
fragments formed a simple overlapping series each having a common labeled 
terminus. These fragments were fractionated by gel el ctr phoresis and then 
examin d by autoradiography- The locations of the fragments on the gel 
5 correspond directly to the order of the restriction sites along the plasmid DN A. 

By this procedure, applicants partially mapped the restriction sites, 
as shown in FIGURE 1, of the N4 and Rl plasmid cDNAs in the region of the IL-2 
receptor gene. 

EXAMPLE 13 

10 Sequencing of Screened cDNA 

The DNA fragments shown in FIGURE 1 were initially partially 
sequenced by the dideoxy chain termination method. From the sequencing 
results, applicants confirmed that the N4 DNA fragment shown in FIGURE 1 
contains the gene coding for the IL-2 receptor, with the N-terminus of the 
15 mature IL-2 receptor protein being located at the Sst I site of the DNA fragment 
shown in FIGURE 1. 

Thereafter, the portions of the N4 and Nl clones from the 5' 
terminals to the Xba I restriction sites were sequenced by the chain termination 
protocol essentially as described in the Amersham Handbook, supra , with the 
20 variations set forth below. The N4 and Nl clones were digested with Pst I, Sst I 
and Xba I restriction endonucleases in various combinations and then the 
resulting DNA fragments were cloned into strains mpl8 and mpl9 of the M13 
single-stranded fUamentous phage vector (Amersham, ArUngton Heights, 
Illinois). The mpl8 and mpl9 phage vectors, as set forth in Norrander et al. 
25 supra , contain the following unique cloning sites: Hind HI; Sph I; Pst I; Sal I; 
Accl; HincH; Xba ft BamHl; Xmal; Smal; Kpnl; Sst I; and, EcoRI. The 
composition of the mpl8 and mpl9 vectors are identical, with the exception that 
the order of the above-identified restriction sites are reversed in the mpl9 
vector so that both strands of a DNA segment may be conveniently sequenced 
30 with the two vectors. The mpl8 and mpl9 vectors, with fragments of the N4 and 
Nl clones inserted therein, were used to transform E, coli JM103 and JM105 of 
the strain K12 (Bethesda Research Laboratories, Bethesda, Maryland) to produce 
relicate single-stranded DNA templates containing single-stranded inserts of the 
sense and antisense strands. 
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The sytiUietie univereal primer: 5»-CCCAGTCACGACGTT-3' (P-L 
Biodiemicals, Uflweuici , WIscondn), was anneal d to the single-strand DNA 
templates and used to prime DNA synthesis as described above at page 23. 
Thereaftert the extension fragments were size-separated by gel electrophoresis 
5 and antoradiographed from which the nucleotide sequences of the fragments 
were deduced. 

An additiwial primer was employed to prime synthesis from an 
intermediBte location doog the sense strands of the N4 and Nl denes. A primer 
havii« the compodtiom 5«-GTGACACCTCAACCTGA-3\ corresponds to nuclco- 
10 tides 262 through 278 CFIGUBE 2). The compoation of this primer strand was 
established from the sequencing information previously obtained by the sequenc- 
ing of the N4 and Nl doncs from their 5" termini with the umversal primer. An 
additional synthetic primer of the compodtiwu y-TGTGACGAGGCAGGAAG-3' 
(corresponding to nucleotides 613 through 629 in FIGURE 2) was used in sequenc- 
15 li^ the antSsense strands between the Xbal and SstI sites of the N4 and Nl 
clones. By the above "walk down" method, the strands of the N4 and Nl clones 
were sequenced from their 5* terminals to their Xba I -sites in an overlapping, 
redundant manner ther^ conTirming the nudeoUde sequence of these clones. 
It is to be understood that other synthetic primers could have been employed to 
20 initiate diain extensions from other locations along the N4 and Nl clones, 
without departli^ from the scope of the present invention. 

Deos^deno^ 5* (alpha-[^^S] thio) triphosphate (hereinafter 
-dATP Ialpha-^^1 *) was used as the radioactive label in the didcoxy sequencing 
reactions. Also, rather than udng the gel set forth at page 36 of the Amersham 
25 Handbook, a 6% pdyacrylamide gel was emfdoycd (6% polyacrylmide gel, 0.4 mm 
thick, containii^ 7 M, urea 100 raM Tris borate (pH 8.1), and 2 mM EDTA). 

As noted above, the nucleotide sequences of the N4 and Nl clones 
from thdr 5» twminals to the Xba 1 sites are illustrated in FIGURE 2. This 
segm^t of DNA was found to include the coding regions of the clones. The 
30 nucleotides are numbered from, the position of the initiator methionine codon. 
The correspon^ng amino acids, as determined by the nucleotide sequence and by 
protdn sequaice analysis, are set forth above the appropriate codons. The 
amino acid composition of the IL-2 receptor gene extends from the mature NHg- 
termimis of the IL-2 receptor molecule, l,e., the Glu residue, as marked with a 
35 star in FIGURE 2 (from whidi.the numbo-lng of the amino acid residues begins), 
to the Re residue (No- 251) lmmc<fiately pr ceding the termination codon TAG. 
Various restrietioo ens^e deavii^ dtes arc also indicated in FIGURE 2, The 
portions of the coctog reglons'of the N4 and Nl clones in FIGURE 2 are 
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iUustrat d as boxed regions in FIGURE 1, with the solid box portions indicating 
substantially corresponding portions of the clones and the open box portion 
depicting the 216 bas pair sequence nly present in the (74 clone. 

EXAMPLE 14 

Expression of Mature IL-2 Receptor In Mammalian Cells 

The coding regions of the N4 and Kl clones were inserted into a 
plasmid vector for transfection of mammalian cells to ascertain whether either 
coding region encodes a functional IL~2 receptor. The transfected cells were 
assayed for e3q>ression of IL-2 receptor by their ability to bind either labeled 
IL-2 or a labeled monoclonal antibody directed against the IL-^2 receptor, i.e., 
2A3-A1H monoclonal antibody. Hybrid cDNAs containing the coding regions of 
the N4 and Nl clones (illustrated in FIGURE 3A), designated as pNl/N4-S and 
pNl/N4-X, respectively, were inserted into the pMLSV phage vector, shown as a 
circle, to produce the plasmids pMLSV-Nl/N4S and pMLSV-Nl/N4X, 
respectively. 

The pMLSV vector was derived -principally .fpom5V40 whose 
genome consists of a single, small covalently closed DNA molecule that has been 
entirely sequenced, Flers et aL, supra , and Reddy et aL. supra . The pMl£V 
vector is composed of four parts, including the stippled box portion shown in 
FIGURE 3A which contains the control region of the SV40 plasmid (including the 
origin of DNA replication, enhancer elements and early and late promoters) 
(SV40 coordinates 5107-208). This vector portion was originally derived from the 
pSV2-dhfr vector as a Hindin-PvuII fragment, Subramani et al., 1 Mol. Cell 
Biol, 854-864 (1981) and Lebowitz and Weissman, 87 Current Topics in 
Microbiology and Immunology 43 (1979). For use in the pMLSV plasmid, the 
Pvu n site was converted into a BamHI site and the Hind m site converted to 
Xba I site. 

Downstream from the early promoter, the pMLSV vector includes a 
synthetic polylinker of the composition: 

5*-CTAGAAGCTTGGTACCAGCTGCAGATCTC 
3»-TTCGAACGATGGTCGACGTCTAGAG 

GAGAATTCATCGAT-3* 

CTCTTAAGTAGCTAGATC-5*. 
This polylinker has Xba I cohesive termini and c ntains the f llowing restriction 
sites: Hind IH; Kpn I; Pvu H; Pst ^ Bgl II; Xho I; EcoRI; Cla I3 and, Xba L 
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The hatrfied box portion of the plasraid contains the 8V40 small t 
antigen donor and acceptor spUce Junctions (SV40 coordinates 4035-4656) and the 
SV40 potyadenylation signal (SV40 coordinates 2469-2706), originaDy derived 
from the pSV2-dhfr plasraid as a Bgl n-BamHI fragment, Subramani, supra. The 
B^H site was converted to a Xbe I ^te f or correspondence with the acSacent 
terminal of the synthetic pdyroer. 

The loi^ thin line portion of the pMISY plasmid is derived from the 
^asmid pMLid, a derivative of plasmid pBRS22, that lacks sequences inhibitory 
to DHA replication In mammalian cells, Server et al., 79 Proc. HatL Acad. Sd. 
{X3SA) 7147-7151 (1982); and, Luskey and Botchan, 293 Nature 79-81 (1981). 

Because it is known that the presence of dG-dC tails at the 5' end 
of a cDHA liecrt can inhibit its exEffessicm in mammalian cells (for instance, sec 
Riedel et at, 3 BMBO Journal 1477 ft984)), hybrid cDNAs were constructed by 
combining portions of the N 4 and »1 cDHA clones with the sequences derived 
from the H4 clone shown as open boxes and the sequences derived from the Nl 
clone shown as adid boxes in HGUBE 3A. As iHustrated, the pNl/N4S hybrid 
fragmoit inchides the portion of the N4 clone from the BamHI site to the 5' Sst I 
site to wWdi is attached the 5' Pst I - Sst I fragment from the Nl done, and thus 
contaiis the eodii« region of the N4 clone. The pNl/N4X hybrid cDNA contains 
a 5» PstF-Xbal fragment from the Nl clone and a Xbal-BamHI fragment from 
the N4 done, and thus contains the co<fing region of the Nl done. It will be 
appreciated that both of the hybrid cDN As take advantage of the •^tural" Pst I 
dtc in the y prime noncoding rcgiwi of the Nl done thdt lacks tails. The 
pNl/N4-S and pNl/N4-X hybrid cDNAs having Pst I and BamHI cohesive ends 
we^e heerted into the Pst I and B^B sites of the pMLSV plasmid t^y standard 
tedmiques, for instance, as detailed in Maniatis et aL, supra, to form plasmid 
vectors pMLSV"Nl/N4-^ and pMLSV-Hl/N4-X, respectively. The 
pMLSV"Nl/H4-S plasmid vector has been deposited with the ATCC under 

Accession No. 39890. 

The plasmids as prepared above were transfected into COS-7 
monkey WAiey cdls CATCC, RodcviUe, MD) by standard techniques, for instance, 
by essmtiEOly usii« the procedures described by Lauthmari and Megnusson, 11 
NucL Add Res. 1295 (1983). Mondayers of COS-7 cdls (10^ cells per 10 cm 
plate) were washed twice with Trls-buffered saline OTBS") and exposed to 10 ug 
of hybrid pMLSV-pNl/N4-S or pMLSV-pNl/N4-X DNA per plate in 1 ml TBS 
contddic 500 i«/na DEAE-Dextran (rodecular weight 5 x 10 ; Sigma Chemical 
Company, St. Loids, MO.) for 30 minutes at room temperature. The cdls were 
washed once more with TBS anS f ed with growth medium a:)id>ecc6% Mo<fified 
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Eagle's Medium with 10% (v/v) fetal bovine serum) containing 100 uM cWoro- 

quine (St. Louis, MO.). After incubati n f r five hours at 37** C, the medium was 

r placed by growth medium without cWoroquine. The cells were then incubated 

at 37° C for 48 hours, after which time they were harvested by scraping. 

The transfected COS-7 cells were screened for IL-2 receptor 

expression by ascertaining the ability of the cells to bind to ^^^I-labeled anti- 

125 

IL-2 receptor antibody 2A3-A1H (FIGURE 3B) and also to ^* I-labeled IL-2 
(FIGURE 3C). The 2A3-A1H monoclonal antibody was prepared and radiolabeled 
to a specific activity of 9.8 x 10^^ cpm/mM, as described above. 

Purified IL-2 was radiolabeled using the Enzymobead radioiodi- 
nation reagent (BioRad Laboratories, Richmond, CA-) essentially by the 
manufacturer's specifications. Fifty ul aliquotes of IL-2 (5 x 10^ units) in 
65% acetonitrile and TFA (pH 2.1) were combined with 50 ul of 0.2 M sodium 
phosphate (pH 7.2) and then the acetonitrile evaporated under nitrogen. Fifty ul 
of Enzymobead reagent, 10 ul of ^^^1 (1 mCi) and 10 ug of 2.5% Beta-D-glucose 
(BioRad Laboratories, Richmond, CAJ were added and then the mixture 
incubated at 25** C for 10 minutes. Twenty ul of 25 mM sodium azide and 10 ul 
of sodium metabisulfite (5 mg/ml) were then added, and after 5 minutes of 
incubation at 25*^0, iodinated IL-2 was separated from unbound ^^h by 
chromatography on a 2 ml column of Sephadex G-25 equilibrated in 0.05 M 
sodium phosphate (pH 7.2) containing 0.1% v/v BSA and eluted with this same 
buffer. Based on an initial biologic specific activity for IL-2 of 1 x 10® units/ug 
protein, the radiolabeled preparation had an estimated specific activity of 
1 x 10^^ cpm/mM. 

The binding assays were performed as described in Dower et al., 
132 J. ImmunoL 751 (1984). COS-7 cells (1.2 x 10®) were incubated with either 
5 X 10~^ M^^ V2A3-A1H monoclonal antibody or 1.3 x lo"^ M^^^-IL-2 in a final 
volume of 150 ul of binding medium for 30 minutes at 37* C. Nonspecific binding 
was measured in the presence of 1000-fold molar excess of unlabeled 2A3-A1H 
monoclonal antibody or 150-fold molar excess of unlabeled IL-2. Replicate 70 ul 
aliquots of the above incubation mixtures were centrifuged through phthalate oil 
to separate the ^^^I bound to COS-7 cells from the unbound cells (^^^I labeled 
IL-2 or 2A3-A1H). 

The results of the "^^^I binding assay are set forth in panels B and G 
of FIGURE 3, As shown, only the pMLSV-Nl/N4-S transfected COS-7 cells 
bound t the labeled IL-2 and labeled 2A3-A1H m nod nal antibody. Neither 
the: pMLSV-Nl/N4-X transfect d COS-7 ells or the mock-transfected COS-7 
control cells sh wed any specific binding of IL-2 or the monod nal anti-IL-2 
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receptor antibcNSfsr. Since only the pMLSV-Nl/N4-S hybrid contains the N4 
eodiiq^ region, the functional IL-2 receptor protein is encoded thereby. 

As will be apparent to thos skilled in the art to which the 
invoition is addressed, the present invention may be carried out by using cell 
lines, culture media, culture media additives, culture conditions, assays, anti- 
bodies, purlAcation restriction mapping and sequencii^ techniques, and 
chromatogn^y columns other than those specifically discussed above without 
departing from the invention, ^e particular materials and processes 
fiescrlbed above are therefore to be considered as illxistrative and not 
restrictive. 
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CLAIMS ; 

1- A homog n us rec ptor f r int rleukin 2 
comprising a protein characterized as having a 
5 molecular weight of about 55,000 to 60,000 daltons and 
an N-terminal amino acid sequence as follows: Glu-Leu- 
Cys-Asp-Asp-Asp-Pro-Glu-Ile. 

2. A homogenous receptor for inter leukin 2 
10 comprising an amino acid sequence extending from 

residue No, 1 to residue No. 251 inclusive in FIGURE 2. 

3. A homogenous receptor for interleukin 2 as 
claimed in claim 2 and further comprising the 

15 following N-terminal amino acid sequence :Met-Try-Gly- 
Leu-Leu-Thr-Phe-Ilfi.-Met-Val.rJ>ro-Gly-Cys-Gl«-Ala.- - 

4. Substantially pure DNA extracted from 
mammalian cells capable of producing IL-2 receptor 

20 molecules and comprising the nucleic acid sequence 
extending from nucleic acid base No« 64 to nucleic 
acid base No. 816 inclusive in FIGURE 2. 

5. DNA as claimed in claim 4 and further 
^ 25 comprising the N-terminal nucleic acid sequence 

extending from nucleic acid base No. 1 to nucleic acid 
base No* 63 inclusive in FIGURE 2. 

6. Substantially pure DNA encoding for 

30 interleukin 2 receptor and comprising the nucleotide 
sequence underlined by dots in FIGURE 2, 

7. An.amino acid chain encoded by the 
nucleotide sequence of DNA as claimed in any one of 

35 claims 4 to 6« 
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8. A process for pr ducing a h aogene us 
receptor for interleukin 2, comprising: 

(a) culturing cells capable of expressing 
interleukin 2 receptor aolecules in culture nediuB; 

(b) harvesting said cells froa the culture 
■ediua; 

(c) extracting the interleukin 2 receptor 
aolecules fr« said cells; and 

(d) purifying said interleukin 2 receptor 
aolecules vith a reversed phase, high-perforaance 
liquid chroaatography coluan containing aethyl, octyl 
or octyldecyl groups covalently bonded to silica gel, 
vhereby the interleukin 2 receptor aolecules are 
retained by the coluan. 

& A process as claiaed in claia 8, wherein 
culturiqg said interleukin 2 receptor expressing 
aolecules includes culturing T-cells in the presence 
of an activating agent. 

10* A process as claiaed in claia 8» wherein 
said interleukin 2 receptor expressing cells comprise 
aaligxuint cells, e.g. T-lyaphoaa or T-leukeaia cells, 
or noraal T-cells. 

11. A process as claiaed in any one of claias 8 
to 10, wherein said receptor aolecules are initially 
partially purified by passing the interleukin 2 
containing extract through an affinity chroaatography 
coluan prior to the reversed phase high-perforaance 
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liquid chromatography procedure, said column 
c ntaining a gel substrate to which is bound an 
antibody that specifically binds to an antigenic 
epitope on the interleukin 2 receptor whereby the 
5 interleukin 2 receptor is retained by the 
chromatography column, eluting the retained 
interleukin 2 receptor from the column and pooling 
fractions exhibiting Interleukin 2 activity. 

10 12. A process as claimed in claim 11, wherein 

said antigenic epitope is included within the amino 
acid sequence extending from residue No. 1 to residue 
No. 10 inclusive in FIGURE 2, or is included within 
the amino acid sequence extending from residue No. 103 

15 to residue No. 174 inclusive in FIGURE 2, or is 

included within the amino acid sequence extending from 
residue No, 1 to residue No. 251 inclusive in FIGURE 2. 

13. A process for producing DNA encoding for 
20 interleukin 2 receptor comprising employing a 
hybridization probe having a base sequence 
corresponding to the amino acid sequence at the 
N-terminal end of interleukin 2 receptor to isolate a 
DNA fraction from a cDNA library prepared by the 
25 action of reverse transcriptase from polyadenylated 
mRNA extorajcted . f rom a cell line or other source known 
to produce interleukin 2 receptor, rendering 
double-stranded, using DNA polymerase, said DNA 
fraction , incorporating the resulting DNA into a 
30 cloning vector, using the resulting vector to 

transform a host, and isolating from the resulting 
transformants, using a synthetic oligonucleotide 
probe, cloned vector DNA, encoded for interleukin 2 
receptor. 

35 
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14. A proc ss for producing Inter leukin 2 
recept r ^ich coaprises cloning BNA which has be n 
produced by a process as claised in claia 13 or DNA ajs 
defined in any one of claims 4 to 6 in a nannalian 
cell systea so as to express said BNA. 
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Pflti 

I 5*--CTCCA0CCITCACTCCCCCCCCTCCTCCCXACCCTCACCAAC 

Utc As J3f? JiJi tf:Si '^'^ V*l Pro Cly Cy* cm 

ATC CAT TCA TAC CTC CTC ATC TCC CCA CTO CTC ACC TTC ATC ATC CTC CCT CCC TCC CAC 

Sstl 

A 

AIa Clu Leu 
CCA CAC CTC 



Cys 
TCT 



Aap Aap A»p 

CAC CAT CAC 



Pro Pro 
CCC CCA 



lie Pro His 
CCA CAC 



AU Thr 
CCC XCA 



Ke Lym Al* Het Ala 

re AAA CCC Arc c^ 



-2 
£0 



1» 
170 



T3tr Lys Clu CVx Thr 
TAC AAC CAA CCA ACC 



Het 
ATC 



Leu Asn Cyi Clu 
TTC AAC TCT CAA 
A 



cy> 

TCC 



Lys Ar9 
AAC ACA 



Cly 
CCT 



Phe 
TTC 



Cly 
CCA 

~ncr 



iSi "li Leu[c^T>ir Cly Asn Ser Ser His Ser S«r 
TCA CTC TAT ATC CTClTCrlACA CCA AAC TCT ACC CAC TCC TCC 



Ar9 

CCC 



Trp 

TCC 



Arg Tie Lys Ser 
ACA ATA AAA ACC 



Alp Aan Cln Cyt 

CAC AAC CAA TCT 



Cln 
CAA 



Cya Thr 
TCC ACA 



fSJi ~ ii* '^'^ Cln Val Thr Pro Cln Pro Clu Clu 

ACC TCT CQQ ACT CCC AAC ACA ACC AAA CAA CTC ACA CCT CAA CCT CAA CAA 

ri? ill SiV in% J*?; !S5 ^^'^ Cln Pre V.l Asp Cln AU Ser 

CAC AAA CAA ACC AAA ApC ACA AAA ATA CAA ACT CCA ATC CAC CCA CTO CAC CAA CCC ACC 

C G 

Clu Het 

Patl 

Leu Pro Ci v HialCvaiAfa Clu Pro 



C:iT CCA CCTI cAc ItCC ACC CAA CCT 



Pro Pro 
CCA CCA 



Trp Clu Aan Clu AU ThrlClu Ar^ He TVr 
TCC CAA AAT CAA CCC ACA CAC ACA ATT TAT 



39 
180 



59 
740 



79 
300 



99 

360 



119 
430 



Hla Phe VaI Val 

CAT TTC CTC CTC 



Cly 
CCQ 



PAC 



Het 
ATC 



VaI Tyr Tyr Cln 

CVT TAT TAT CAC 



Cya 

TCC 



Ual Cli 
CTC Cj 



A£9. Aim Leu HU 
ACC CCT CTA CAC 



139 
4 BO 



Ar9 Cly Pro Ala Clg ^er Val 
ACA |CGt1 cCT CCT CAQ APC CTC 



Cya 
TCC 



Lya Het Thr His Cly Lyi Thr Arqr Trp Thr Cln Pro 
AAA ATC ACC CAC CCC AAC ACA AGO TCC ACC CAC CCC 



159 
540 



Cln Leu He 
CAC CTC ATA 



Cya Thr 

TCC ACj^^ 



Cly Clu Het Clu Thr Ser Cln Phe Pro Gl v Clu CJu Lya Pro Cln 
CCT CAA ATC CAC ACC ACT CAC i tlT CCX CCf| CAA CAC AAC CCT CAC 



179 
600 



figll 

AU Ser Pro Clu Cly Arf Pro Clu Ser Clu Thr Ser Cys Leu Val Thr Thr Thr Atp Phi 199 

CCA ACC CCC CAA CCC C6T CCT CAC ACT CAC ACT TCC TCC CTC CTC ACA ACA ACA CAT TTT 660 

Cln He Cln Thr Clu I1«t Ala Ala Thr Het Clu Thr Ser He Phe Thr Thr Clu Tyr Cln 219 

CAA ATA CAC ACA CAA ATC CCT CCA ACC ATC CAC ACC TCC ATA TIT ACA ACA CAC TAC CAO 720 

V&l Ala Val AU Cly Qyg Val Phe Leu Leu He Ser Val Leu Leu Leu Ser Cly Ltu Thr 239 

CTA CCA CTC CCC CCC TQ? QTT TTC CTC CTC ATC ACC CTC CTC CTC CTC ACT CCC CTC ACC 780 

Xbal 

Trp Cln Ar9 Arg Cln Arg (.yp Spr Arg Ar.g Thr He End 251 

TCC CAC CCC ACA CAC ACC AAp ACT ACA ACA ACA ATC TAC A— 3* 862 

FIG.2 



3/3 



0162699 



FIG.3 



A. 



3" 

8omHI 



Xbol PslI SslI Psll 

' W pNJ/Wfl-S 



BomHI Xbol 



t 



BomHI- 



SslI Psll 
■idy PN1/N4-X _ 




BomHI 



Psll 



50 
^0 
30 
20 















- 




Aniibody 


- 







CL 



S 8 

o 

% 6 

2 
O 



pNt/ 



1 



pNl/ 
N4-X 



Conlrol 

Tfonsfeclcd Cos7 Cells 



